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A FOUR-WHEEL INDUSTRIAL TRUCK WITH A SWING AXLE 
Cross-Reference to Related Applications 
This is application claims priority to German Patent Application No. 102 56 539.2, 
filed on December 4, 2002, the content of which is relied upon and incorporated herein by 
reference in its entirety, and the benefit of priority under 35 U.S.C. §119 is hereby claimed. 

Background of the Invention 

1- Field of the Invention 

The invention relates to a four-wheel industrial truck with a swing axle. 

2. Technical Background 

When narrow curves are cornered the lateral moment of tilt which results from the 
centrifugal force may become larger for such vehicles than is the righting moment, and the 
vehicle topples over. It has become known from EP 0 483 493 to provide an alerting device 
for the industrial truck that includes a monitoring device for the condition of load. The load 
moment acting on the vehicle and the actual constellation of the vehicle are sensed. Unstable 
conditions are determined by means of this data and are signaled to the driver. 

It is known from EP 0 796 749 to block the swing axle when unstability is impending. 
Such blockage is dependent on the angular velocity rate sensed or calculated for the vehicle. 

It has become known from DE 101 18 442 Al to provide a sensor, preferably on the 
vehicle frame or bodywork, which senses the distance of the vehicle frame from the swing 
axle. When this distance reaches a predetermined lower or predetermined upper value a 
relevant correction or alerting signal is produced. When a sensor is arranged on either side of 
the swing axle the threshold of response is formed by a lower distance value each. 
Additionally, the document has it made known to provide another sensor on the vehicle 
frame, preferably adjacent to the front axles, that measures the distance of the frame from the 
underlying ground. 

When the ambient conditions are satisfactory a distance measurement of the type 
described can be readily performed by means of non-contacting optical, inductive or acoustic 
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sensors. An industrial truck, when in operation, is subjected to harsh conditions. Therefore, 
sensors of the type described are exposed to hazards and there is a danger of a message not 
being made in case of impending unstability. 

It has become known from WO 79/00330 to detect the inclination of a pole relative to 
the underlying ground by the use of a load-carrying means, e.g. with the aid of a 
potentiometer. The driver is signaled the angle measured and the driver of the industrial truck 
will be able to correct the position of the load-carrying means by tilting the pole accordingly. 
DE 199 19 655 Al further has made it known for an industrial truck to associate at least one 
wheel with a load sensor. A safety device has a comparing facility which provides a signal to 
an alerting signal transmitter when one or more of the loads measured on a wheel fall below a 
predetermined value. This is intended to recognize an unstability or an approach to an 
unstability of the vehicle on time in order to counteract it. The sensor signals can act upon 
one or more functions of an industrial truck, namely on the height of load, steering angle, 
speed of the vehicle, pole inclination, shift of the load-carrying means in the direction of the 
longitudinal axis or also transversely thereto, height adjustment of one or more shock 
absorbers or the like. Further, a stabilizing device may be provided and may be activated 
accordingly. 

Summary of the I^fVENTION 

The present invention provides a four-wheel industrial truck with a swing axle where 
tilting is prevented with a large certainty. 

Vehicles including a swing axle have a so-called axle stop on their bodywork or frame 
on opposed sides of the axle. When a relevant inclination of the bodywork occurs relative to 
the axle the outer stop in cornering comes to bear against the axle body, preventing the 
bodywork from continuing to be swivelled with respect to the axle. This provides a certain 
safety from a tilting motion. Commonly, the axle stop is arranged so as to make the vehicle 
tilt in cornering only when the tilting moment becomes larger than the one which causes the 
axle stop to abut against the axle body. This fact is utilized by the invention. The axle stop 
has provided therein a switch which is actuated when the axle stop touches the axle body. 
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The switch sends a signal to the drive control device which, as a result, will reduce the 
driving torque. In this way, a provision is made to eliminate the circumstances leading to 
unstability. 

In the inventive solution according to claim 2, a rotary pulse generator is arranged in 
the plane of rotation of the swing axle that is coupled to the control device so as to reduce the 
driving torque of the drive when the signal of the rotary pulse generator reaches a 
predetermined value. A rotary pulse generator of this type can be accommodated to be 
protected adjacent to the swing axle and is not restricted or impeded in its function by the 
harsh operation of the industrial truck. 

It is known to equip four-wheel industrial trucks with two driven wheels. Further, it is 
known to couple each driven wheel to a driving motor of its own. In the invention, the design 
of the control device is such that, upon reception of a switch signal or signal from the rotary 
pulse generator, the drive each for the outer wheel in cornering is reduced in its torque. It is 
unnecessary to trigger the drive of the inner wheel in cornering because this hardly 
contributes to traction in the area close to unstability. 

It is known to equip industrial trucks with a brake, e.g. a brake mechanism which is 
integrated in the driving motor. According to the invention, a braking torque can be 
additionally applied to the industrial truck, apart from influencing the driving torque, to 
counteract the unstable condition even more intensely. When the brake control device 
triggers each driven wheel separately it is possible to trigger the braking device of the outer 
wheel in cornering in case that an unstable condition is approaching. By the way, the braking 
torque may also be produced by an electric motor, when operated as a generator. 

Additional features and advantages of the invention will be set forth in the detailed 
description which follows, and in part will be readily apparent to those skilled in the art from 
that description or recognized by practicing the invention as described herein, including the 
detailed description which follows, the claims, as well as the appended drawings. 

It is to be understood that both the foregoing general description and the following 
detailed description are merely exemplary of the invention, and are intended to provide an 
overview or framework for understanding the nature and character of the invention as it is 
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claimed. The accompanying drawings are included to provide a further understanding of the 
invention, and are incorporated in and constitute a part of this specification. The drawings 
illustrate various embodiments of the invention, and together with the description serve to 
explain the principles and operation of the invention. 

Brief Description of the Drawings 
The invention will be described in more detail below with reference to an embodiment 
shown in the drawings. 

Fig. 1 Schematically shows the end view of a four-wheel industrial truck with a 

swing axle during a straight-ahead travel. 
Fig. 2 shows the same view as Fig. 1, but with the bodywork inclined as a result 

of cornering. 

Detailed Description 

Referring to Figs. 1 and 2, an industrial truck 10 is schematically shown having a 
bodywork 12, a swing axle 14 with the respective wheels 16, 18, and a front axle 20 with 
driven front wheels 22, 24. A self-aligning bearing can be seen at 26. 

Axle stops 28, 30 are mounted on the bodywork 12 on the two sides of the self- 
aligning bearing 26. When in a straight-ahead travel as shown in Fig. 1, the axle stops 28, 30 
are at a distance from the swing axle 14. When the bodywork 12 inclines to one side as is 
shown in Fig. 2 while a narrow curve is cornered one of the two stops comes into contact 
with the swing axle 14 if a certain inclination angle is exceeded. Commonly, the design of the 
vehicle is such that if a stop touches the swing axle the unstable condition is not reached yet, 
but an even higher centrifugal force would rather be required to reach the unstable condition 
although the inner wheel in cornering is lifting off the underlying ground already as is shown 
in Fig. 2. 

The axle stops 28, 30 have mounted thereon switches which are not shown and are 
actuated when the respective axle stop comes into contact with the axle body. The switches 
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are connected to a control, which is not shown, for the drive of the wheels 22, 24, which is 
not shown, to cause a reduction of the driving torque of the driving motor when one of the 
switches responds. If each wheel 22, 24 is driven by a separate driving motor the driving 
torque will solely be reduced by the driving motor for the outer wheel in cornering, which is 
the wheel 24 here, to avoid reaching the unstable condition. 

Likewise, it is imaginable to associate a rotary pulse generator, which measures the 
inclination of the bodywork 12 relative to the swing axle 14 and provides an appropriate 
signal to the control of the drive, in the area of the self-aligning bearing 26. Additionally, the 
signal of the rotary pulse generator or the signals of the switches, which are not shown, can 
be provided to a brake control in order to produce a braking signal when the unstable 
condition is approaching, which causes the stable condition of the vehicle to be restored 
rapidly. 

It will be apparent to those skilled in the art that various modifications and variations 
can be made to the present invention without departing from the spirit and scope of the 
invention. Thus, it is intended that the present invention cover the modifications and 
variations of this invention provided they come within the scope of the appended claims and 
their equivalents. 
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